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ABSTRACT
This presentation summarizes seven case studies that illustrate applications of various statistical methods to aircraft performance flight testing. The statistical methods used in the analyses were multi-variable regression analysis, hypothesis testing, and uncertainty analysis. The cases presented were: 1) endurance performance requirement verification, 2) comparison of aerodynamic models, 3) flight testdeveloped thrust model, 4) climb performance specification compliance, 5) uncertainty analysis of pacer aircraft, 6) evaluation of updated control law, and 7) atmospheric survey for air data calibration. The case studies showed how statistical methods were used to calculate confidence intervals or uncertainty for the final results, detect differences between two aircraft systems with statistical confidence, and reduce the complexity or difficulty of data analysis. The AFFTC is in the process of training, equipping, and organizing its engineering workforce to implement statistically defensible test and evaluation strategies. Part of this process includes researching and developing new ways to apply statistical analysis techniques to the various engineering disciplines.
SUBJECT TERMS
We have found that many of our engineers were reluctant to use statistical techniques in their test programs for various reasons, including perceived complexity of the analyses, skepticism over the benefits of statistical analysis, and their limited backgrounds in statistical analysis. Therefore, we started investigating simple methods, such as hypothesis tests or regression analysis, to see which methods added value to our analysis methodologies. Methods that work, and add value, will "sell themselves" to our engineering staff.
This presentation gives seven case studies that illustrate the applications of various statistical methods to aircraft performance flight testing. The methods presented here offered improvements over the "classical" analysis methods. Each of these case studies will compare the "old" analysis methods with the "new." Some of the improvements included: 1. The ability to calculate confidence intervals, or uncertainty bounds, on the final results 2. The ability to identify differences between systems with statistical confidence 3. The reduction in complexity or difficulty of the analysis.
While the use of these statistical methods added value to the data analysis methods, it did not increase the efficiency of test execution nor did it reduce the overall amount of testing required.
The objectives of performance testing are to:
•Characterize aircraft performance by determining takeoff, climb, acceleration, cruise, turn, deceleration, descent, and landing performance.
•Confirm or validate existing aerodynamic and propulsive models such as lift curves, drag polars, and thrust and fuel flow models.
•Develop aerodynamic and propulsive models when such models do not exist or are not available.
•Verify aircraft meets performance requirements.
•Characterize changes in performance and evaluate the effects of aircraft or engine modifications on performance.
Several statistical methods that have proven useful in support of these objectives are multi-variable regression analysis, hypothesis testing, and uncertainty analysis. Regression analysis has been used to develop models of multi-variable data sets, and hypothesis testing has been used to determine which coefficients in the regression models were significant. Hypothesis testing has also been used to compare the means and variances of two samples of data. Uncertainty analysis has been used to estimate the systematic and random components of data uncertainty.
These seven case studies illustrate the applications of multi-variable regression analysis, hypothesis testing, and uncertainty analysis to problems in aircraft performance flight testing. • No significant differences in drag • P-value of "aircraft variant" term was 0.73, which was greater than level of significance of 0.05. Failed to reject the null hypothesis, which implied that the "aircraft variant" coefficient was zero.
Benefits:
• Regression coefficient of the "aircraft variant" term provided a measure of the difference in drag between the two variants.
• Analysis method eliminated some of the subjectivity associated with judging the differences between the two aircraft variants.
•
Able to detect small differences in drag due to large quantity of data.
This analysis was successful because of the large quantity of data, most of which was not preplanned. Around 75 percent of the data came from targets of opportunity. Other programs with less data available will not be able to detect such small differences. Test data and regression model were below requirement. However, upper confidence interval exceeded requirement. Therefore, concluded the aircraft performance met requirement, but was borderline.
Benefits:
• Provided a 95-percent confidence interval about the line fit, which served as a measure of the uncertainty in the flight test results. • Eliminated some of subjectivity associated with judging if the rate of climb met, or came close enough, to the requirement even though all of the data points were below the requirement line.
Test Objective:
• Determine uncertainty in calibrated air data for the AFFTC F-16 pacer aircraft
Test Approach:
• Calibrate pacer aircraft using standard methods Analysis Approach:
• OLD • Estimate uncertainty using scatter bands on calibration curves • NEW • Perform uncertainty analysis (per ASME test uncertainty standard) on entire pacer calibration process • Trace uncertainties of all truth source and pacer instruments back to lab standards (which were traceable to NIST) • Propagate uncertainties to final calibrated air data parameters Results: Pacer uncertainties are 30 feet and 0.8 knots at worst case.
Benefits:
• Communicated uncertainties of pacer data products to customers • Uncertainties were estimated using industry-accepted practices (ASME test uncertainty standard). Statistically defensible test and evaluation methods have been successfully applied to several problems in aircraft performance flight testing. These methods offered improvements over existing analysis methods, such as: 1. Conclusions were expressed with confidence intervals or uncertainty bounds, as in the performance verification cases and the pacer uncertainty analysis. 2. Differences (or no differences) between systems were determined with statistical confidence, as in the case of identifying the aerodynamic differences between two aircraft variants. 3. The reduction in complexity or difficulty of some analyses, as in the case of developing multi-variable regression models of thrust or atmospheric pressure.
The application of these methods provided tangible benefits, which means that we should have no trouble convincing our engineering staff to adopt and expand these methods to new applications.
However, these case studies showed that although the use of statistics added value to the data analysis methods, its use did not necessarily improve test efficiency or reduce the overall number of test points. In a few cases, such as the comparison of aerodynamic models of two aircraft variants and the thrust model development, the very large quantities of data that were available led to the successful application of the statistical methods. These methods may not be as successful on other test programs for which less data are available.
